Bioprocess engineering today has made tremendous discoveries principally aimed at improving the overall quality of living of any society. Significant of these discoveries is the cultivation of genetically modified foods (GM foods). This paper discusses the problem of food security in sub-Saharan Africa (SSA) and the practicability of GM foods in ameliorating this problem. In SSA, food security is currently being threatened by several factors ranging from natural systems that cause environmental deterioration such as floods and droughts to anthropogenic exacerbations ranging from poor land and agricultural management policies; increase in social and economic inequality; terrorism, civic unrest, strife and wars and rapid population growth and demographic changes, amongst others. Drawbacks to the poor food security in SSA is majorly associated with malnutrition and corresponding loss in human capita productivity in the region. Statistics currently portray that one in four persons in Africa is undernourished. Hence, the timely need for disruption in current trends is imperative. The growth of GM foods has seen an exponential increase worldwide, with over 179.7 million hectares being planted, this trend is however very poor in SSA. The pros, cons and hindrances influencing the use of GM foods in SSA have been discussed. It is the opinion of the authors that the use of Biotech improved foods in curbing the food crisis in SSA should be explored and committed to by the African Union, alongside amendment of policies that promulgate weaknesses of agricultural institutional in African Nations.
Introduction
A bioprocess often engages a living organism as a whole or a cell or other subcellular fragments. It involves the whole procedure involving cultivating the cells. Its several multiples in a regime of optimum parameters of temperature, culture medium desired pH and other requirements is referred to as upstream bioprocessing. In other words, every step just prior to cell harvesting constitutes upstream processing. Downstream processing takes charge of cell separation from the culture medium immediately after the desired growth is achieved and all other steps aimed at separation, purification and product polishing. In metabolomics which involves the investigation of the metabolites in a cell, improvement of strain can be achieved by using bioprocess engineering. It is now equally possible to use a high density 3-dimensional cell cultures to test toxicity of drugs without recourse to animal models (Markov, 2012) . Bioprocess engineering drives biotechnology and therefore critical in bioreaction and fermentations steps. This makes the discipline very relevant in pharmaceutical, food and agriculture, environmental, biofuel and animal and cell cultures (Markov, 2012) .
Due to the huge role bioprocess can play in agriculture, there is a need to explore its use towards the development of agricultural sector. Adegbola et al. (2011) stresses this fact that the development of the agricultural institutions of any country acts as a significant boost to its overall national development. In contrast, systems with weak agricultural institutions run into crisis of food due to its inability to cope adequately by matching its demand with supply. Hence, attaining food security is crucial to any country (Ojo and Adebayo, 2012) . The conceptualization of food security has previously been expatiated upon (Boon, 2009; Ojo and Adebayo, 2012; Otaha, 2013) .
According to UNEP (2002) , food security is described as the provision of secure and safe, nourishing, quality and quantity adequate food, which is accessible by everyone. Similarly, Idris et al. (2008) sees food security as having sufficient food and food products that matches the increasingly high demand as well as acts as a buffer to fluctuations in output and pricing at all times. In these definitions, the common term to food security is its sufficiency, accessibility and nutritious capacity of food, the opposite of which can be referred to as food insecurity, defined by Maharjan and Chhetri (2006) as the inaccessibility to qualitatively and quantitatively sufficient, safe and nutritious food for healthy living. Food insecurity epitomizes the challenge posed by changes in income, price and production on the ability of individuals, homes and communities to meet their demand for food. On the average an African farmer produces less than 1.3 tons of cereals per hectare, which is less than half and quarter of that produced by a farmer in South Asia and China on the same expanse of land, respectively (Wedding and Tuttle, 2013) . Critical to improving Africa's food security requires the political will to increase the agricultural production levels of African farmers.
Challenges of food security in Africa
In the struggle to attaining a food secure continent, sub-Saharan Africa (SSA) faces a number of critical challenges, a few of them include environmental deterioration which may lead to environmental disasters like floods and droughts resulting from poor land policies and management practices; Increase in social and economic inequality in the continent; Terrorism, civic unrest, strife and wars; rapid dynamics in the global economy; rapid population growth and demographic changes (UNEP 2002; Agyare-Kwabi, 2003; Boon, 2009; Hilderink et al., 2012; FAO, 2015; Vahyala et al., 2016) .
Africa having a population growth rate of 2.7 percent per annum has seen considerable increase in its population size, from 507 million in 1990 to about 936 million inhabitants in 2013 (FAO, 2015) . Population size in Africa in the near future is projected to double alongside continuance in the high economic growth rates (World Bank, 2011; FAO, 2015) . Since the 1960's, observed agricultural output has not been commensurate with the population growth (Boon, 2009), and according to projections by OECD/PBL, demand for food in Africa will increase by a factor of four to five by 2050 (Hilderink et al., 2012) . As a result of insufficiency of food items and raw materials, African countries have become major import destinations of food. For example, Nigeria which used to be a major exporter of agricultural raw material prior to 1956, when oil was discovered in the region, is now a major importer of food (Ojo and Adebayo, 2012) . As interest in the oil sector increased, an opposite trend was observed in agriculture. On the other hand, most farmers in sub-Saharan Africa are plagued with high level of illiteracy; poor or inadequately information on modern, efficient techniques in agriculture; poor and insufficient supply of agricultural tools, machinery and much needed agricultural extension services.
Another major factor affecting decline in agricultural productivity in SSA is the limitation imposed upon farmers from unfavorable environment and climatic conditions (Wedding and Tuttle, 2013) . According to the World Bank (2000), the debilitating food security problems in Africa is greatly linked to data which state that 85%-90% of agriculture relies on rainfall, contributing 35%, 40% and 70% to its gross national product (GNP), exports and employment respectively. For example, much of the countries in eastern Africa, particularly in the horn, suffer from unfavorable conditions such as drought and climatic (FAO, 2015) . This factor has seriously undermined efforts geared at overcoming the challenges facing the region in terms of food security and nutrition (FAO, 2015) . Unlike natural condition like climate, some anthropogenic propellants of food insecurity in SSA are particularly associated with activities pertaining to terrorism, civil strife and insecurity, land ownership disputes and so on. For example the numbers of undernourished people have more than doubled due to the civil strife in middle Africa (FAO, 2015) . In Nigeria, due to the activities of the terror sect, Boko Haram, the malnutrition situation in the north eastern part of the country has been termed to be "critical" (Vahyala et al., 2016; UNICEF, 2017) .
As a result of the challenges highlighted above, complications associated with malnutrition and poor diet related noncommunicable diseases become prevalent and are present in most countries in SSA. Cases of severe acute malnutrition amongst children there have been extremely high in the North Eastern Nigeria, particularly in Borno State. In the North Eastern Nigeria, an estimate by UNICEF states that about 400,000 are at risk of suffering severe acute malnutrition, with a mortality rate of 20% (i.e., one in five) (UNICEF, 2017) . A report by FAO in 2006 projects that over the next two decades, hunger levels will increase in SSA, with estimates pointing out that one in four persons in Africa is undernourished (FAO, 2015) . This course is set to be aggravated unless some quick and timely measures are taken. Hence, it will take conscious and purposeful changes in the perceived "normal" course of events to be able to make improvements in the food insecurity and consequent poverty issues in SSA today (Boon, 2009) .
Although some drastic measures have been either proffered and/or taken in tackling food insecurity in Africa, such as peace building in conflict stricken regions, provision of better agriculture friendly policies and governance, empowerment of farmers and boosting agricultural techniques in farming and many more, however, statistics of the region being food secured are not pleasant and a lot of work still needs to be done. In lieu of this problem, this study aims to examine the suitability of use of genetically modified organisms (GMOs) as a probable long lasting solution to tackling the problem of food insecurity in SSA. Naturally, genetically modified food arose out of the determination to escape from the imminent famine and hunger in the face of exploding population particularly in Asia and Africa. The crisis gave rise to the green revolution whose 'father' was Norman Borlaug ).
Bioprocess engineering
Bioprocess engineering involves the practical use of technology to bioprocesses with the aim of mass producing new products such as food and pharmaceuticals. It also involves the use of chemicals in changing the physiological traits of biosystems by tampering with the genetic makeup of the organism. This could Braz. J. Biol. Sci., 2017, v. 4, No. 8, p. 233-246.
be achieved by inserting genetic materials that are extraneous to humans to make up for genes which possess high functionality that may have been lost thus leading to severe health conditions. It involves the application of biotechnology in specific processes, instrumentation and stages in the manufacture of biological products (Ladisch and Kohlmann, 1992) .
Engineering is a key field in the commercialization of biotechnological ideas into viable products. This is evident in the production of food and bioactive proteins. Engineers are responsible for designing and scale up of biofermentors to produce commercial quantities of genetically modified cells needed to drive the production of these bioproducts as well as develop techniques that can be used in separating and purifying biomolecules (NAS, 1992) . The concepts guiding bioprocess engineering are situated in the biosciences. These include: genetics, molecular biology and biosystem control. These concepts enable the bioprocess engineer seek out genes of industrial importance as well as envisage their end products for the purpose of solving problems crucial to the survival of man. Areas such as drug development, environmental cleanup and food production are just a few of the huge benefits humanity has come to enjoy as a result of bioprocess engineering. Also, molecular biology has made it easy to manipulate the gene in order to achieve increased functionalities be it in microbes, animals or human cells. Biosensors are also a huge part of monitoring biosystems in bioprocess engineering (Ladisch, 2005) .
Genetically modified organisms (GMO's)
Genetically modified organisms (GMOs) can be referred to as organisms (such as microorganisms, plants, and/or animals) in which alterations in the genetic material (DNA) has been made in ways that do not happen naturally by natural recombination and/or mating (WHO, 2015) . This utilizes technology often referred to as "genetic engineering", and food manufactured using this technology is referred to as genetically modified (GM) foods (WHO, 2015) . GM foods are therefore nutritious substances designed, created and produced using molecular biology techniques for consumption by humans or animals (Taire, 2003) . For example, gene modification permits the genetic engineer design a plant to his/her specifications and desires (Olaniyan et al., 2007) , it involves selection of individual desirable genes and facilitating their transfer from one organism (host) into another (recipient), of the same species or between nonrelated species, also referred to as transgenesis (Elliott and Madan, 2016) . This is done to ensure the expression of that isolated gene in the recipient. Compared to other techniques like mutagenesis, which searches for desirable changes in an organism, transgenesis is much more specific and targeted (Nathaneal, 2015; Elliott and Madan, 2016) .
Genetic engineering technology has revolutionary potentials in agriculture. GM foods cultivated today have come a long way through series of experimentation and safety testing, the world's first commercially available GMO was the FlavrSavr, a tomato variety genetically modified to slow down ripening and preserve flavor, approved by the United States for cultivation in 1994 (Elliott and Madan, 2016) . Ever since, the GMO pipeline has expanded to include and explore different traits introduced into a range of crops grown in 28 developed and developing countries (James, 2014) . Most common characteristic traits explored in genetic modification of foods include the production of herbicide resistance in crops; insect resistance in crops; making crops more disease resistant; production of hardy crops that can survive where environmental conditions are less favourable; modification of crops to have longer storage capacity and so on (Altieri and Rosset, 1999; Hammer, 2003; Ronald 2011; Parisi et al., 2016) . However, according to James (2014) , crops such as; maize, soybeans, rapeseed and cotton, and the traits; insect resistance and herbicide tolerance, dominate the GMO landscape. In addition to GM Foods, there are several processed foods produced from enzymes sourced from genetically engineered microorganisms. A few applications involve the use of alphaamylase from bacteria to convert starch into simple sugars; chymosin from bacteria or fungi which causes the clotting of milk protein for making cheeses; Juice clarity obtained from the pectinase enzyme from fungi (Ibiam and Okoi, 2012) .
GMO engineering process
There are several available protocols and methods applied for the transfer of DNA into cells, their applicability may however be general or source specific. The strategies and approaches used are often collectively termed recombinant DNA technology (Han, 2004) . The term "recombinant DNA technology" comprises of an arsenal of laboratory methods used in production of a GMO and summarily includes the basic steps of; identification and isolation of the genetic trait of interest and its nucleotide sequence (gene); production of gene copies via amplification mechanisms; gene association with suitable promoter and poly A sequence and its insertion into a vector (such as plasmids); multiplication of the plasmid-bacteria construct and its subsequent recovery of construct for injection; transfer of the construct into the recipient tissue; integration and expression of gene in recipient genome; and inheritance of the gene through other generations (Beardmore and Porter, 2003) . Two principal enzymes used in recombinant DNA technology are the; restriction endonucleases (biological scissors) used to cleave DN molecules at specific points into fragments of defined sizes; and the ligases (biological glue) to join the insert and vector together (Davies and Ollier, 2001; Han, 2004; Traavik et al., 2007) . The vector contains a DNA sequence, origin of replication (ori) that enables it to be replicated in the bacteria, Escherichia coli, they include biolistics, CaCl 2 -heat shock treatment or electroporation, transformation and conjugation, other processes include; gene silencing and gene splicing, lipofection, microinjection, calcium phosphate precipitation, vectors and protoplast transformation among others (Han, 2004; Olaniyan et al., 2007) .
The global distribution of GM crops
The acceptability, use and application of GM foods have seen considerable growth in recent years. According to the International Service for the Acquisition of Agri-biotech Applications (ISAAA), an estimated18 million farmers in 28 countries planted 179.7 million hectares (444 million acres) in (ISAAA, 2015 , showing a 100fold increase from 1.7 million hectares in 1996 to 179.7 million hectares in 2015 as well as an increase in farmers by up to 17 to 18 million. This huge data indicates that GMO's have a huge role to play in food security if the technology is instantly embraced. Of the aforementioned 28 countries, 10 are high-income countries and 18 low and middle income countries with the United States, Argentina and Brazil contributing over 75% of the total area cultivated with GM crops (James, 2014) . It was in 2012 where developing countries first grew a majority (52%) of the total GM harvest. 17.3 million farmers grew GM crops; around 90% were small holding farmers in developing countries (ISAAA, 2012) . Recently, ISAAA have reported that developing countries, led by Brazil, India, and China respectively have recently surpassed developed countries in terms of the land area planted to GM crops, accounting for a 82% of it (ISAAA, 2015) .
The five leading developing countries cultivating biotech crops across three continents include Brazil and Argentina (South America) India and China (Asia), and South Africa (SSA). These countries alone are responsible for growing nearly half (48%) of the total global GM crops. However, from the developing countries in Africa, Burkina Faso, South Africa, and Sudan approve the cultivation of GM crops. These countries cultivate Bt cotton, whereas, South Africa also grows GM varieties of maize and soybeans inclusive (Table 1 ). Together they account for less than 2% of the total area worldwide cultivated to GM crops (ISAAA, 2015; Elliott and Madan, 2016) . 
Advantages and disadvantages on the use of GM foods
The controversy over the acceptability and use of genetically modified foods has been raging for over two decades, evoking opposing views particularly from the scientific circles and other communities (Qaim, 2010; Amin et al., 2011) , the principal bone of contention being whether genetically modified foods has a negative effect on the human body. Amongst the scientific circles, there is a broad consensus that well-regulated GMOs are not more risky than the conventionally bred crops and are safe to eat (Key et al., 2008; Ronald, 2011) .
Till date the subject of safety in/of GM foods remains controversial and unresolved. At the initial stage, increase in productivity was the target. It is therefore not known how far the initial research team went in subjecting the investigation to proper long term safety scrutiny. With a substantial input of chemical fertilizers and agro chemicals, the level of postharvest residual contaminants in GM foods and the overall economics of the whole scheme continue to invite scathing criticisms. It is noteworthy that GM food remains one of the areas in which molecular genetics is applied in bioprocess engineering with the initial intention of exploiting desired genes to improve crop yield and food quality.
Discussed below and some of the perceived pros and cons associated with GM foods: Pros 1. Herbicide tolerant/insect resistant crops. The principal benefit from herbicide tolerant crops is the reduction in labor required for land weeding. In developing countries with less access to chemical controls, farmers spend fewer hours weeding (Thompson, 2015; Elliott and Madan, 2016) . Insect pest are major threats to agriculture, statistics in the United States alone estimated loss of crop and forest production losses from invasive insects and pathogens at almost US$ 40 billion per year (Pimentel et al., 2005) .
Studies have shown that developing countries, SSA in particular, are most vulnerable to invasive crop pest species (Paini et al., 2016) . However, the use of insect resistant improved crop varieties allows farmers to manage pests with lower chemical use, which again saves on labor and other input costs. 2. Economic benefits: Over the past two decades, about $ 133 billion in agriculture worth has been added to the global economy courtesy of GM foods (Klümper and Qaim, 2014) . It has on the average, reduced chemical pesticide use by 37 percent, increased crop yields by 22 percent, and increased farmer profits 68 percent during the 20 year period of 1995 to 2014. 3. Human health: A decrease in the use of pesticides associated with insect resistant crops could result in reduction in chemical poisoning of farmers and greatly improve soil biodiversity (Barrows et al., 2014) . In addition to this, the genetic modification of plants to provide therapeutic relief have been reported (Kramkowska et al., 2013) . Research has led to success in the transference of genes implicated in the expression of antigens of bacteria and viruses directly into nuclei or chloroplast of plant cells (Yonekura and Saito, 2006; Ubalua, 2009 have conducted modifications in transgenic food, to alter specific content of proteins, lipids and carbohydrates to make food more nutritious (Kramkowska et al., 2013) . One significant stride made in this regard is the introduction of "golden rice", whose genome has been modified to enhance the level of ß-carotene to help prevent Vitamin A deficiency, responsible for normal sight and body resistance (Hug, 2008; Key et al., 2008; Qaim, 2010; Sheetal, 2014) . Rice enrichment utilized the seclusion and transfer of genes from the bacterium Erwinia uredovora and flower, Narcissus jonquilla (jonquil) directly into grains (Kramkowska et al., 2013) .
Other pros to the use of GM foods include; the use of drought tolerant GM crops; improves shelf life of crops. Table 2 shows some GM foods and their benefits of modification. (2016).
Cons
Several opposing views on consumption of GM foods still persist, majority are associated with uneasiness and anxiety of "genetic modifications" to food, particularly relating to ethical concerns on negative consequences of molecular biology protocols "interrupting" with processes of natural recombination. Others are associated with ethical principles of gene manipulation, a few might be related to the complexity of the process involved (Domingo, 2007; Ekici and Can, 2012) . Some of the arguments are discussed below:
1. Proliferation of resistant pests and super weeds: Investigations by Barrows et al. (2014) summarized that herbicide tolerant GMOs may cause the acceleration of the emergence of much more tolerant pests and weeds. This may be exacerbated by activities of farmers with an over reliance on the use of glyphosate alongside herbicide tolerant GM crops, which may therefore cause the proliferation of superweeds tolerant to chemicals (Gilbert, 2013) . Proliferation of superweeds may require application of larger doses of herbicides to destroy the weeds (Kramkowska et al., 2013) . However, seed companies' response to this is to stack traits so that new varieties of GM foods can tolerate more toxic chemicals (Elliott and Madan, 2016) . 2. Exploitative tendencies: According to Giddings et al. (2016) , there are arguments that GMOs would only be of beneficial to much industrialized nations of the world, and hence, may price farmers from less industrialized nations, for example, in Africa, out of the GM foods market. 3. Risk of food allergy: The term allergy is used to refer to a condition of hypersensitivity to food substance evoking the immune system to cause diverse reactions. About 2% and 6% of the world's adult and children respectively are estimated to be allergic to one or more food components already (Bernstein et al., 2003; D'Agnolo, 2005) . Concerns about the synthesis of new "proteins" in food, obtained from genes of another organism may form a new amino acid structure that might acts as possible allergens. Some widely publicized cases of food allergies involving transgenic plants include the Aventis transgenic maize (utility name: Star Link) and transgenic methionine enriched soyabeans (genes isolated from Brazil nuts) (Bernstein et al., 2003; Key et al., 2008; Batista and Oliveira, 2009; Dona and Arvanitoyannis, 2009) . Reported symptoms to consumption of theses transgenic maize include headaches, diarrhoea, nausea and vomiting (Kramkowska et al., 2013) . 4. Development of resistance to antibiotics: An early stage of transgenesis usually utilizes bacteria to be used as markers or functioning as elements distinguishing transformed cells from non-transformed cells which rejected the coding alleles. However, the bacteria are used play double roles; as markers of transformed cells observed physiologically by resistance to antibiotic. Uses of antibiotic resistant bacteria are markers of transformants may pose very costly risks. It could result in transfer of resistance genes to normal bacterial flora, including pathogenic bacteria in the human and animal guts. The use of other genetic markers for confirming transformants is required (D'Agnolo, 2005; Craig et al., 2008; Hug, 2008) . Genes which pose no risks to humans or animals have been suggested, such as nptII (Paoletti et al., 2008) . Some other commonly perceived potential negative effects of GM foods include its potential effect on man's health (synthesis of toxic compounds), environmental (unintended transfer of transgenes through pollination), playing with nature by violation of natural organisms' intrinsic values, biopiracy, and so on (Hammer, 2003; Kramkowska et al., 2013) .
Hindrances to the use of GMOs in Africa
The European Union is a major destination for the import of raw food items from developing countries, including Africa, however, as at October 2015, bans on cultivation of GM crops were placed by 19 European countries (Giddings, 2016) . This ban scenario therefore provides most crucial propellant through which European anti-GM forces have indirectly hindered the use of GMO use in the Africa, enforced by the strict regulation of the import of GM products (Elliott and Madan, 2016) .
In addition to the European Union's policies, other influences hindering the use of GM foods in SSA include:
• The Cartagena Protocol on Biodiversity, signed by 170 countries endorses a precautionary approach stating that countries exporting GMOs for food and feed use must notify importing countries those products "may contain living GMOs (Chambers et al. 2014; Hagen and Weiner, 2000) .
• The second is the African Union Model Law on Safety in Biotechnology (formerly the African Model Law on Safety in Biotechnology), which is designed to harmonize biosafety legislation across the continent (ACB, 2009) .Influenced by these policies in the early 2000s, several Sub-Saharan African countries imposed bans on GMOs, including cultivation and imports for food, feed, and industrial use (ACB, 2009; Chambers et al. 2014; Elliott. and Madan, 2016) .
• Other hindrances probably preventing SSA's use of GMOs in fostering food security in the region may include weak infrastructure and poorly functioning markets (for both inputs and outputs) (Elliott and Madan, 2016) .
• Extreme fears have attracted caution in wholesale embrace of GM foods in Nigeria (Olaniyan et al 2007) and Kenya (Owino 2012 appropriate government designated institutions. The approval to improve on the cassava starch stability, a process intended to enhance market value of the product has just been given. In spite of the seeming openness in engaging the public many opponents have called for the repeal of the National Biosafety law and the scrapping even of the National Biosafety Commission claiming that the two were not packaged enough to address genuine feelings and concern of informed Nigerians.
Biological control option and organic agriculture are fast gaining attraction due to a substantial reduction in chemical input both in farm and in store. Livestock and plant protectants as well as stabilizers and growth enhancers are increasing their presence in the market. Although some safety and environmental stability issues still exist in biological intervention, the general wisdom is that this field is promising and needs encouragement. In cultivating nontoxigenic strains, detailed technical input comprising many departments of bioprocess engineering is involved. Most European Union countries no longer patronized chemical-invaded agro-products due to the safety concerns lending credence to the continuing embrace of organic production in developing countries. The incidents of rejects, rapid alerts and trade bans imposed on African and other developing countries due to unacceptably high pesticides and mycotoxin levels on the latter's exports (like beans and melon) may gradually be coming to an end in not too distant future.
Conclusion
In alleviating food insecurity, African nations need to show commitment and take deliberate steps in boosting the agricultural sector and this may involve amending policies and agricultural institutional weaknesses which promulgates reduced incentives to adequately invest in agricultural research and development in the region. Biotechnology through process engineering should be explored only after it has taken care of long term uncertainties and possibilities particularly when microbes are concerned. Mutation potentials should be concluded in the bioreaction stage and enough time spent to observe reversal of roles. Although food insecurity occurs in sub Saharan Africa, it takes effect proaction to understand the causes e.g., flooding, drought, bad processing habits to arrive at sustainable security. An inclusive approach in which small holder farmers are involved in available user and pocketfriendly interventions may be an attraction in the present circumstance. This study however discusses the problem of food security in SSA and examines the advantages and disadvantages of Biotech improved foods as probable suitable alternatives in tackling the food security in the region. The use of GM crops by farmers has been growing worldwide, although the involvement of farmers in SSA has however been minimal, it is a technology with great potentials, that if properly harnessed can create a huge aversion of the looming food crisis problem in SSA and also boost the economic situation in the region.
Recently, it's been estimated that up to $1.5 trillion is lost by low and lower middle income nations (particularly in Sub-Saharan African countries) as a result of restrictions to the use of agricultural biotech innovations (Giddings et al., 2016) , thus acting as a barrier to development in poor countries. This study therefore recommends that the African Union weighs the option of organic agriculture and practicality of such, in light of the need to consider the economic status of the average small holder farmer. If GM foods are being rejected elsewhere, why will SSA be excited by it? When farmers need to regularly patronize the supplier for new sets of seeds each planting season, then the whole scheme naturally invites curiosity and scrutiny. The multi-billion dollar GM project must come up with superior argument against cultural practices and use of natural seeds. At all times, issues of yield and long-term safety must be equally weighed. This is where we stand to readdress the pros and cons of exploring GM foods as suitable tools to ameliorate food crisis in SSA and the opportunity to significantly improve its economy, productivity and reduce problems of malnutrition.
